The present study was conducted at the farm of The Rice Research and Training Center, (RRTC), Sakha, Kafr El-Sheikh, Egypt, during the 2016, 2017 and 2018 seasons. Six rice cultivars (Oryza sativa L.) that differed in their grain quality characters were used as parents to produce six generations of three crosses of rice namely 'Giza178'×'Egyptian Yasmine', 'Giza177'×'UPR82-1-7' and 'IET1444'×'Pusa Basmati1'. Generation mean analysis was used to estimate types of gene actions, heterosis, inbreeding depression, heritability and genetic advances for milling%, grain dimensions and cooking and eating characters. The results indicated that the scaling test was significant for one scale in all the crosses for all the traits, indicating an inadequacy of the simple additive dominance model. Segregation analysis indicated partial dominance for grain quality characters for almost crosses except gel consistency and amylose content percentage. This suggested over dominance for most traits in most crosses. Moreover, evaluation of genetic parameters indicated the importance of additive gene effects. That were significant and positive in the inheritance of grain quality characters for the three crosses. Exceptions were grain length and grain shape which were significant and negative. Different types of gene action were detected, varying by the characters and the crosses under study. Epistasis was observed among the crosses. Heritability estimates for milling and eating and cooking quality were low to moderate indicating that selection exercised in late generations may be effective. Heritability estimates for grain dimensions were high, suggesting that selection in early generation will be effective in future.
Introduction
Rice (Oryza sativa L.) is an important staple food crop in many parts of the world. (Manful 2010) . It feeds more than 50% of Earth's inhabitants especially in developing countries Yield is the most noticeable characteristic to farmers while the crop is in the ground, but when the product of the crop, the milled rice, reaches the market, quality becomes the key determinant of its sale-ability .Thus Rice breeders presently pay great attention to rice quality improvement (Gnanamalar and Vivekanandan, 2013) . Grain quality is one of the most important quantitative traits in rice. It is a multi-faceted trait involving physical and biochemical aspects relating to milling, appearance, cooking and eating quality and nutrition (Fitzgerald et al., 2009; Bao, 2014) . The grain and cooking characters which are influenced by physico-chemical properties of starch play an important role in determining the texture and consumer acceptance of cooked rice. Many of the physico-chemical quality characters follow a complex polygenic mode of inheritance. The characters gel consistency and head rice recovery percentage contributed maximum towards genetic divergence (Chamundeswar, 2010) . The generation mean analysis has been considered to be one of the best methods for estimating the different components of genetic variance and presence or absence of epistasis. The concept of generation mean analysis was developed for the estimation of genetic components of variation. Additive and non-additive gene action were found for amylose content Swain and (Nagaraju, 2004) . Additive and non-additive gene action for grain shape (Kumar et al., 2006; Nayak et al., 2007) while studying genetics of quality characters in three crosses found that kernel length was controlled by both additive and dominance effects, kernel length/breadth ratio was controlled by additive, dominance and epistatic effects in all crosses. For alkali spreading value, additive, dominance and all three interactions were important.
Cooked kernel length was controlled by additive (d), and additive x additive (i), additive, dominance (h) and additive and additive (i) were significant. Additive, dominance and epistatic gene actions of additive x additive and dominance x dominance and duplicate type of interaction controlled the elongation ratio. Amylose content was under the control of duplicate epistasis. Lakshmi (2009) studied generation mean analysis in two crosses and found that both additive ([d] and [i] ) and dominant type ([h] and [l] components were significant for hulling percent, gelatinization temperature for both the crosses. Additive variance was available for selection for head rice recovery and kernel elongation . Before launching any breeding program, surveys of genetic variability are absolutely necessary to start an efficient breeding program. Heritability and genetic variability are prerequisites for carrying out selection based improvements. The information about these help breeding programmes by broadening the gene pool of rice and gives an indication about the efficiency of transformation of characters into future generations (Selvaraj et al., 2011) . The detection and estimation of epistasis would also enable the breeders to understand the genetic cause of heterosis with greater reliability. Lacking information about these breeding parameters, the present study was planned to investigate the genetics of some grain quality characters by using six-generations of the three crosses under normal conditions.
Materials and Methods
The present study was conducted at the farm of The Rice Research and Training Center, (RRTC), Sakha, Kafr El-Sheikh, Egypt, during 2016, 2017 and 2018 seasons to study the genetic behavior of some grain quality characters of rice cultivars . Six rice cultivars that differed in their grain quality characters 'Giza 178' and 'Giza 177' (both short grain) and 'Egyptian Yasmine, 'IET1444', 'UPR82-1-7' and 'Pusa Basmati' (all long grain) were used as parents to produce six generations of three crosses of rice. Namely Giza 178×Egyptian Yasmine, Giza 177×UPR82-1-7 and IET1444 × Pusa Basmati 1 were used to apply generation mean analysis. Reciprocal crosses were carried out following the technique proposed by Jodon (1938) and modified by Botany (1961) in the 2016 season. Hybrid seeds along with the parents were grown in the next season (2017). Some of the F1s were left for self-fertilization to produce seeds of F2 plants and some were back crossed with the parents to produce of BC1 (F1xP1) and BC2 (F1xP2). In 2018, parents, F1, F2 and backcross (BC1 & BC2) generations were raised in the field. Experiments were laid out in a randomized complete block design with three replications. Each replicate contained a single row for parental lines, and F1's, with eight rows for each of the backcrosses and 15 for the F2 generation. The length of each row was one meter. Row to row and plant to plant distance was 20 cm. Normal agronomic practices were followed for growing the crop. At maturity five plants per replication for F1 and each parent, 50 for each of the backcrosses and 100 for the F2 generation were selected to harvest grain rice on individual plant basis. About 150 grams (three replication) of rough rice for all samples were taken and well mixed and cleaned.
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All samples were analyzed for the following grain quality characters: 1. Milling Characters: Hulling%, Milling% and Head rice% were determined according to Adair (1952) by using Satake testing machines.
Physical characters:
Grain length, width and shape were measured for milled rice grain according to Khush et al. (1979) .
Cooking and eating quality characters:
Gelatinization temperature (G.T.), amylose content and gel consistency test (G.C.) were estimated for milled rice samples following the methods of Little et al., (1958) . Juliano (1971) and Cagampang et al. (1973) respectively. Elongation ratios were calculated according to Azeez and Shafi (1966) .
Genetic parameters as broad and narrow sense heritability's were estimated according to Powers et al. (1950) and Warner, (1952) , respectively. Genetic advance in percent of mean and phenotypic and genotypic coefficients of variations were estimated using the procedure suggested by Burton, (1952) . The following genetic parameters were estimated for the studied characters, heterosis and degree of dominance followed Mather and Jinks, (1971) , scaling test for adequacy of additive and dominance model and genetic components followed Mather, (1949) and expected genetic advance (Gs %) after Johnson et al. (1955) . Table 1 showed scaling test for adequacy of additive and dominance model of milling characters, grain physical characters, cooking and eating characters in the three studied crosses. The scaling test was significant for one scale in all the crosses for all the quality traits studied, indicating inadequacy of simple additive dominance model.
Results and Discussion

Scaling Tests
Genetic Parameters
Degree of Dominance
Milling characters and grain dimensions ( Table 2) showed partial dominance in all crosses except cross 1 for hulling % and cross2 for head rice % were over dominance. According to Sivasubramanian and Mahadevamenon (1973) , hulling percentage was independent of grain size and shape and all these traits showed partial dominance. Kernel elongation and gelatinization temperature indicated partial dominance in all crosses except cross 3 for kernel elongation and cross 2 for gelatinization temperature were over dominance. While gel consistency and amylose content % indicated over dominance except cross 3 for amylose content% was partial dominance.
It was remarkable that partial to complete and/or over dominance were both detected for all crosses for the studied characters depending on the crosses as well as the character. Table 2 indicated that additive genetic variance (½D) were higher than that of the dominance genetic variance (¼H) in three cross under study for milling characters, grain dimensions and all cooking and eating quality, but the dominance variance was the highest value in cross 1 and cross 3 for the milling %. The results suggested that early generation selection may be effective in improving of milling % in these crosses cross 1 and cross 3. These results were observed indicated that additive that variance played an important role in the inheritance of milling characters in these crosses. The same results for grain length, grain width and grain shape characters in the three crosses. Similar results were obtained by Kishore et al. (2008) .
Additive Genetic Variance and Dominance Genetic Variance
In cross 2 both additive and dominance variance in milling % hulling % and cross 1 for head rice were the biggest value. Both additive and non-additive gene effects were important for amylose content with predominance of additive effects (Chamundeswari, 2010).
Broad and Narrow Sense Heritability
It is clear from Table 2 that hulling percentage in cross 2 recorded the highest broad sense heritability (78.92%) and narrow sense (63.85%) (medium) compared to the other crosses studied (Table 2) . Broad sense heritability and narrow sense heritability estimates were lowest for milling % in cross1.The highest broad sense heritability was observed for cross 3 and the same cross gave 38.07 for narrow sense. Heritability, the broad sense value, was high. While , heritability estimates in the narrow sense was moderate values in all study crosses for head rice %. Moreover, the results in Table 2 indicated that heritability broad sense values were high for grain dimensions. On the other hand, heritability estimate in the narrow sense was moderate. These results were in agreement with those obtained by partitioning of the genetic variance. These results also were in agreement with those reported by Bharadwaj et al. (2007) .
High heritability values were expected, because most likely such traits are controlled by additive gene effects (Bagati et al. 2016) . Heritability estimates in broad sense for all cooking and eating characters was higher than narrow sense heritability indicating that the selection in early generation may be not effective in improving such characters (Salem et al., 2015) . The estimates of heritability help the plant breeder in selection of elite genotypes from diverse genetic population, hence prior knowledge about the heritability of the traits is a prerequisite for any selection program (Singh et al., 2011) . Broad sense heritability explains both fixable (additive) and non-fixable (dominant and epistatic) variances which helps in estimating the inheritance of a character (Nirmaladevi et al., 2015) . On the basis of heritability the traits are classified into 3 categories: highly heritable (>70%), medium heritable (50 -70%) and low (< 50%), (Robinson, 1966) .
Genetic Advances
Genetic advance as percent mean was categorized as low (0-10%) in all crosses for milling characters, grain length, ker-nel elongation, gel consistency and amylose content%. Low genetic advance values were gotten in studied crosses with low narrow sense heritability for all milling character could be expected because this trait is under polygenic control. Genetic advance for grain width, grain shape and gelatinization temp was medium for all crosses under study except cross 2. Grain width and grain shape Ga was low except in cross 2 where high genetic advances were seen.
Genetic Component of Generation Means
Milling characters:
Hulling Percent
The estimated values of the parameters m, d, h, i, j and l of six parameter model are shown in (Table 3 ). The mean values for this trait ranged from 77.985% to 79.690, cross 2 recorded highest hulling recovery of 79.690% while cross 1 recorded the lowest one (77.985) for hulling percentage, additive [d] gene effects were significant and positive in all crosses (Table  3) . Highly significant and positive dominance [h] gene effects and were observed in cross3 and highly significant and negative dominance [h] gene effects were observed in cross 1 and cross 2. Additive x additive [i] interaction effects were significant and negative in crosses 1 and 2. The magnitude of additive x additive [i] effects were highest in the cross 1. Dominance x dominance [l] effects were positive and significant in crosses 1, 2 and 3 of was found to be significant and negative. Two crosses (1and 2) recorded significant and positive additive x dominance [j]epistatic effects whereas anther cross expressed negative significant effects. In three crosses dominant effect and dominant x dominant effects were displayed with opposite signs and then indicated the presence of duplicate epistasis (non-allelic gene interactions). Table 3 showed that the mean of cross 2 was superior in milling % comparing with the other two crosses. Two crosses (cross 1 and cross 2) recorded positive and significant, while cross 3 recorded negative and significant additive, [d] gene effects. The role of dominance [h] effects were observed for cross 3, it exhibited highest positive and significant effects (Table 3) . Additive x additive [i]interaction effects were significant and positive in cross 3 whereas cross 1 and cross 2 recorded negative and significant effect. Additive x dominance [j] was positive and non-significant in case of cross 2, while it was negative and significant in cross 1 and cross 3. Negative and significant dominance x dominance [l] effects were observed in cross 3, whereas cross 1 and cross 2 exhibited positive and significant effects for milling percentage. In two crosses 1and 2 dominance effects and dominant X dominant effects were displayed with opposite signs that indicated the presence of duplicate epistasis.
Milling Percent
Data in
The presence of epistatic gene effects causes an upward bias in the estimates of both additive and dominance genetic variance (Hayman, 1957) . When epistasis is of major importance, it is impossible to obtain unbiased estimates of additive or dominance genetic effects. Therefore epistatic components cannot be ignored in formulating breeding programs to develop varieties. (Paul et al., 2003) .
Head Rice Recovery
Data indicated also that mean of cross1 was superior in head rice % comparing with the other cross. Additive [d] gene effects, dominance [h] gene effects and effects additive x additive [i] gene effects were significant and positive for all crosses under study (Table 3) . Additive x dominance [j] effects were positive and significant in cross 1 and cross 2, while negative and significant in cross 3. All the three crosses exhibited negative and significant dominance x dominance [l] effects (Venkanna, 2014).
Physical Characters
Data in Table 3 indicated that mid parent value for grain length, (m) was highly significant in all crosses. The highest estimated value was recorded in cross 3 (6.45) followed by cross 2 (5.920) then cross 1 (5.590). Moreover, additive effect was highly significant in negative direction in all crosses but cross 1 had the highest value. In addition, the genetic parameters, dominance effect, additive x additive type of gene interaction were highly significant in negative direction in cross 2, but the same parameters were highly significant in positive direction in crosses 1 and cross 3. In contrast, the additive x dominance type of gene interaction was found to be highly significant in cross 3. Whereas, dominance x dominance type of gene interaction was found to be highly significant in positive direction in crosses 2. These results indicated that all types of gene interaction were played an important role in the inheritance of grain length according to the cross itself. These results were in agreement with Abd El-Lattef et al. (2012) and Hassan et al. (2013) .
The classification of epistatis largely depends on the parameters dominant effect (h) and dominant X dominant (I). According to Mather and Jinks (1971) , if dominance effect and dominant X dominant are significantly different from zero and have opposite signs, then duplicate epistasis is indicated. The same two parameters here, were significant, had same sign and, thus, indicated the presence of complementary epistatis.
The estimates of mean (m) were highly significant for all the crosses for grain width (Table3). Additive effects were found significant in cross 2 only, but Additive effects were observed as non-significant in cross 1 and cross 3. Non-significant in those cases may be ascribed to large error variances (Edwards et al.,1975) .Whereas dominance effect was significant for all cross. Additive x additive (i) interaction was significant for all crosses, additive x dominance (j) interaction was significant for cross1 and cross 2, whereas dominance x dominance (1) interaction was also significant for cross 1 and cross 2.
The data in Table 3 indicated that the estimates of mean (m) were highly significant for all the crosses for grain shape. The additive effect was negative significant in cross 2 and cross 3, While the dominance effect was positive significant for crosses 2 and 3. Additive x additive (i) interaction was significant for crosses1 and 2, additive x dominance (j) interaction was significant for cross 2 and cross 3, whereas dominance x dominance (1) interaction was also negative significant for cross 3. The components were opposite in direction indicating duplicate epistasis for this trait for which bi-parental mating was suggested. Duplicate types of epistasis was also reported by Nayak et. al. (2007) . Kernel length, kernel width, length/width ratio, elongation ratio, were controlled by additive gene action. Vivekanandan and Giridharan (1995). Table 3 indicated the highest mean value of elongation was found with cross 1. Results obtained from regression analysis showed that additive gene effect (d). Dominance gene effect (h) and epistasis (i), (j) as well (I) were significant for grain elongation for all crosses under study except additive x dominance gene effect (j) for cross 2 (Table 3 ). The duplicate type of epistasis can be effectively utilized in pedigree breeding by delaying the selection and it is easier to exploit duplicate type than the complementary type of epistasis. Nayak et.al. (2007) reported predominant role of additive gene effect.
Cooking and Eating Characters
Elongation
Gelatinization Temperature
The analysis of gene effects in six-parameter model showed that dominance gene effect (h) was significant and positive in crosses 2 and 3and additive x dominance gene effect (j) for cross 2 while additive x additive was significant and positive in cross 3 ,whereas dominance x dominance were significant for three crosses for this character. As shown in Table 3 , some of the additive effects were negative. The negative or positive signs for additive effects depend on which parent is chosen as P1 (Cukadar-Olmedo and Miller, 1997) . Tomar and Nanda (1985) reported duplicate epistasis for gelatinization temperature.
Gel Consistency
The mean value for all characters were soft . The results obtained from regression analysis showed that additive gene effect as well as dominance gene effects and epistasis were significant for three crosses of gel consistency (Table 3 ). In the role of the inheritance of gel consistency, direct selection may not be useful. The corresponding fixable gene effects (additive gene effects) were greater than the magnitude of non-fixable gene effects (additive x dominance gene effects, Kamara et al., 2017) .
Amylose Content
The mean values for cross 1 and cross 2 were low for amylose content while cross 3 had high amylose content % (Table 3). From results it was clear that the additive effects were greater than the dominance effects for this characters. The contribution of the parents to dominance effects varied according to trait. The sign for dominance effect is a function of the F1 mean value in relation to the mid-parental value and indicates which parent is contributing to the dominance effect Cukadar-Olmedo and Miller, (1997) preponderance of additive gene action in the inheritance of the trait amylose content. Estimates of genetic components showed both additive and non-additive gene effects to be important. Swain and Nagaraju (2004) .
Heterosis
Milling Characters
Data presented in Table 4 indicated that highly significant positive values of heterosis were recorded for milling and head rice % characters as a deviation from mid-parent in three cross Paramasivam et. al. (1996) and cross 3 in hulling %. Also data in (Table4) showed that the heterosis values for head rice % of cross 2 only was positive highly significant as deviation from the better parent (1.788) , while the remaining crosses recorded negative significant mean heterotic for this traits. These results agreed with Surender (2002) .
Physical Characters
In Table 4 for grain length, the heterosis as a deviation from mid-parent and better parent were significant and positive in three cross but only in cross 1recorded significant and negative heterosis as a deviation from mid-parent. Both positive and negative significant heterosis for grain length were reported (Singh and Singh, 1985) . For grain width and grain shape, three crosses showed significant and negative relative heterosis and heterobeltiosis. The exceptions were heterosis as division in mid parent that was significant and positive in cross 3 for grain width and cross 2 for grain shape. The same trends for grain shape were previously observed (Gnanamalar and Vivekanandan 2013).
Cooking and Eating Characters
Elongation Percent
Data presented in Table 4 indicated that highly significant positive values of heterosis were recorded as a deviation from mid-parent in cross 1. Also data in Table 4 showed that the heterosis values for elongation % of cross 3 was positive and highly significant as deviation from the better parent (30.317), while the remaining crosses recorded negative significant mean heterosis for this trait. Linear elongation without breadthwise expansion is considered a highly desirable trait in rice quality (Gnanamalar and Vivekanandan, 2013) .
Gelatinization Temperature
Cross 2 showed positive and significant heterosis as a deviation from mid-parent and better parent ,whereas cross 1 gave the same as a deviation from mid-parent .
Gel Consistency
Three crosses recorded significant and positive heterosis and heterobeltiosis for gel consistency except cross 1 heterosis as deviation better parent was not significant . The maximum heterosis is was recorded by cross 3 (20.555 and 16.000 per cent respectively) and the minimum of 4.192 per cent was found in cross 1 as deviation mid-parent standard heterosis this trait (Gnanamalar and Vivekanandan, 2013) .
Amylose Content
Data presented in Table 4 indicated that highly significant positive values of heterosis were recorded for this character a deviation from mid-parent in the three cross. These values of heterosis were ranged between 2.264% for the cross 2 and 4,756% for cross 3. Also data in Table 4 showed that the heterosis for values amylose content % of three crosses were no significant as deviation from the better parent.
Conclusion
Finally, it can be concluded that broad sense heritability estimates were high for milling, grain dimensions, gel consistency and gelatinization temperature in three crosses under study. Low to moderate narrow sense heritability estimates were evident for grain quality characters. Both additive (d) and dominance (h) gene effects were important for all the results, that indicated that epistasis is determined to some extent by the genotypes used for the study for grain quality characters.
